Introduction
Heterogeneous pain is a common consequence of spinal cord injury (SCI), which often persists and interferes with a person's daily life long after the initial injury. In a recent study in SCI, a high level of pain interference was significantly predictive of a particular pain being viewed as 'most disturbing'. 1 Similarly, the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IM-MPACT) group suggested that in addition to pain intensity, measures of physical and emotional functioning including pain interference were important domains to evaluate in clinical pain trials. 2 However, measuring pain interference in people with SCI may not be straightforward because of the significant disability associated with the injury, which may complicate and confound the pain report. In a recent effort to review the utility of pain measures in the SCI population both the Brief Pain Inventory (BPI) and the Multidimensional Pain Inventory, SCI-version (MPI-SCI) 3 Life Interference (LI) subscale were recommended as useful measures of pain interference after SCI. 4 These instruments have shown adequate psychometric properties in samples of persons with SCI and pain. 5, 6 However, recent research in cancer patients suggests that it may be difficult for patients to differentiate between the interference caused by their pain from the interference caused by the functional limitations of their disease. 7 Thus, the purpose of this investigation was to determine the ability of the MPI-SCI LI subscale to differentiate between pain-related interference and the interference caused by the physical impairments of SCI. To our knowledge, this has not been examined earlier in a sample with chronic pain and SCI. We hypothesized that LI scores would be significantly associated with pain-intensity ratings, depressed mood and pain-related disability and less associated with general activity or with functional impairment.
Materials and methods
Participants Individuals (n ¼ 180) over 18 years of age with traumatic SCI and who experienced chronic pain participated in the study. Recruitment was conducted by advertisements posted around the Miami VA Medical Center (VAMC) and Miami Project to Cure Paralysis and by word of mouth. Each participant underwent a 2-3 h interview including a set of questionnaires and a neurological examination. The interviewers were trained before independently carrying out the interviews. The Institutional Review Boards of the Miami VAMC and University of Miami approved the study.
Demographic and injury-related characteristics
As part of the structured interview, participants were asked regarding demographic/injury characteristics (for example, age at time of study, time since injury, sex, etiology of injury and ethnic background).
Neurological examination
A physical examination was performed to assess neurological status. The grading of the injury was based on the ASIA impairment scale (AIS): ASIA A (no motor or sensory function in the sacral segments S4-S5) through ASIA E (normal motor and sensory function). AIS scores were calculated by adding the sensory and motor exam scores and were used in this study to reflect severity of injury.
Measures MPI-SCI. The MPI-SCI 6 is adapted from the original version of the MPI, 8 which is a self-report questionnaire based on the cognitive-behavioral perspective on chronic pain. The items of the MPI are answered on a 7-point Likert scale and assess pain severity, the impact of chronic pain, responses by significant others, and emotional and physical adaptation to chronic pain. The following subscales of the MPI-SCI were used in this study:
Life Interference subscale: The LI subscale of the MPI-SCI includes eight questions relating to interference with social/ recreational activities, family-related activities, relationships including friendships, household chores, ability to plan activities and limitations due to pain (Table 1) . This subscale has shown an internal consistency of 0.90 and a test-retest reliability of 0.81. 6 General Activity subscale: The General Activity (GA) subscale assesses the degree of participation in various types of daily activities: household activities, activities away from home, social activities and outdoor activities ( Table 2) . This subscale has shown an internal consistency of 0.83 and a test-retest reliability of 0.69. 6 Pain Interference with Daily Activities subscale: The Pain Interference with Daily Activities (PA) subscale addresses the degree to which activity levels are decreased specifically because of pain, as distinct from restrictions of activity due to other aspects of the SCI (Table 2 ). This subscale has shown an internal consistency of 0.94 and a test-retest reliability of 0.78. 6 Pain Disability Index The Pain Disability Index (PDI) is a self-report measure concerning the degree to which pain interferes with functioning in seven broad areas: family/home responsibility, recreation, social activity, occupation, sexual behavior, self-care and life support activity. The format for responses is an 11-point scale with anchors of 0 (no disability) and 10 (total disability). The internal consistency in the study by Tait and colleagues 9 was 0.86 and test-retest reliability was 0.44. 
Family Item
How much has your pain changed the amount of satisfaction or enjoyment you get from family-related activities?
Relationships Item
How much has your pain changed your relationship with your spouse, family or significant other?
Friendships Item
How much has your pain changed or interfered your friendships with people other than your family?
Household Chores Item
How much has your pain changed your ability to do household chores?
Pain Interference Item
How much has your pain interfered with your ability to plan activities?
Pain Limitation Item How much do you limit your activities in order to keep your pain from getting worse?
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Beck Depression Inventory
The Beck Depression Inventory (BDI) is a commonly used measure to assess depressed mood in chronic pain samples including SCI. It consists of 21 items rated on a categorical scale with each response category assigned a number from 0 to 4 with higher scores indicating greater emotional distress. The internal consistency ranges from 0.73 to 0.92 and the test-retest reliability ranges from 0.48 to 0.86.
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Functional Independence Measure The Functional Independence Measure (FIM) is a reliable and valid instrument designed to assess the amount of assistance required for a person with a disability to perform basic life activities safely and effectively. In this study the motor scores were used, which consists of 13 items concerning mobility and self-care. The interviewers administered the FIM in a standard manner according to the 'Guide for the Uniform Data Set for Medical Rehabilitation'.
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Pain intensity Pain intensity was assessed using numerical rating scale (NRS) with anchors of 0 (no pain) and 10 (most intense pain imaginable). Participants were asked to rate the average pain intensity of their present pain. For comparative analysis between the LI subscale, PDI and pain intensity, NRS pain ratings were categorized as mild (1-4), moderate (5-6) and severe (7) (8) (9) (10) . 12 
Statistical analysis
All analyses were performed with SPSS 16.0 for Windows. Because interference of any type is likely to be affected by demographic and injury-related characteristics, partial correlation coefficients were calculated to control for the potential confounding influences of age, time since injury and severity of injury (that is, AIS scores). Analysis of variance with Bonferroni post hoc comparisons was used to examine the relationship between pain interference and mild, moderate and severe NRS pain ratings. All tests were 2-tailed and a probability less than 0.05 was chosen to indicate statistical significance.
Exploratory factor analysis
We used exploratory factor analysis to examine multivariate relationships among the LI subscale, NRS, BDI, PDI, PA and GA subscales, FIM and AIS scores. Principal component analysis was used as the method of factor extraction and the analysis was based on the correlation matrix and pair-wise relationships. Only factors with Eigenvalues greater than 1.0 were accepted. The factor loadings were sorted according to size and the oblique rotation method, Oblimin, was used to allow for possible correlation between factors.
Results

Participants
This study was part of a larger study where approximately 230 individuals were approached and 214 individuals completed a face-to-face interview. Of those, 180 individuals (78.3%) had a physical examination to assess neurological status. Of the 180 participants, 155 were men and 25 were women. Detailed demographic and injury-related characteristics are presented in Table 3 . Pain has reduced my participation in this activity: How often do you work on the car?
Pain has reduced my participation in this activity: How often do you take a ride on a car or bus?
Pain has reduced my participation in this activity: How often do you visit relatives?
Pain has reduced my participation in this activity: How often do you prepare a meal?
Pain has reduced my participation in this activity: How often do you wash the car?
Pain has reduced my participation in this activity: How often do you take a trip?
Pain has reduced my participation in this activity: How often do you go to the park or beach?
Pain has reduced my participation in this activity: How often do you do laundry?
Pain has reduced my participation in this activity: How often do you work on a needed household repair?
Pain has reduced my participation in this activity:
Relationships between the LI subscale and pain and injury-related disability After controlling for age, time since injury and severity of injury the LI subscale was significantly correlated with the degree of pain interference with daily activities as measured by the PA subscale (r ¼ 0.58) and with the degree of painrelated disability as measured by the PDI (r ¼ 0.61). The LI subscale was also significantly correlated with average pain intensity (r ¼ 0.29) and with level of depressed mood as measured by the BDI (r ¼ 0.39; Theoretically, pain-related interference should be more associated with measures of pain-related disability than with injury-related functional impairment in a disabled population. In this study, we hypothesized that the LI subscale would be minimally associated with the GA subscale and FIM motor score as the LI specifically measures interference due to pain. As expected, even after controlling for age, time since injury and severity of injury the LI subscale was not significantly associated with the GA subscale (r ¼ À0.13) or to the FIM motor score (r ¼ À0.17; Table 4 ).
Relationship between average pain intensity and pain interference As people reporting severe pain would be expected to report higher levels of pain interference compared with those with mild pain, 4 the relationship between mild (1-4), moderate Average Pain Interference p<0.05 Figure 2 Average Pain Interference reported using the PDI at mild, moderate and severe pain intensity levels.
Pain Interference after SCI Y Cruz-Almeida et al (5) (6) and severe (7-10) pain intensity levels and pain interference was examined. 12 One-way ANOVAs revealed that the average pain interference scores from the LI subscale and the PDI significantly (Po0.05) increased with increasing levels of pain intensity (Figures 1 and 2) . Post hoc analysis revealed that the LI scores were significantly (Po0.05) higher in individuals with severe pain compared with individuals who experienced mild or moderate levels of pain. Although the PDI scores were significantly lower in individuals with mild pain compared with those who experienced severe pain, the PDI scores did not significantly differ between severe and moderate pain levels.
Multivariate relationship between pain interference and pain and injury-related factors To examine the relationship among levels of pain intensity, pain interference, pain-related disability, depressed mood, degree of functional independence, general activity and injury severity, an exploratory factor analysis was performed including the LI subscale and the pain and injury-related variables. Two separate factors emerged in the final factor solution, which accounted for 58.9% of the variance (Table 5 ). The first factor (that is, pain-specific interference) included the LI subscale along with the PDI, the PA subscale, average pain intensity and the BDI and had factor loadings ranging from 0.46 to 0.85. The second factor (that is, injuryrelated interference) was composed of the FIM motor score grouped with the AIS and the GA subscale scores with factor loadings ranging from 0.66 to 0.88. These two factors were not significantly correlated with each other (r ¼ 0.06).
Discussion
The results of this study suggest that the LI subscale, when administered as a face-to-face interview, effectively measures pain-related interference as separate from the interference caused by the functional impairments of SCI. The multivariate analysis revealed two distinctly different factors, that is, pain-specific interference and injury-related interference. The latter factor is determined by the severity of injury, which significantly influences the functional status and independence of a person with SCI. Our results concur with a study in which FIM motor scores and ASIA motor scores were significantly associated at multiple time points after injury 13 and with the idea that these two measures in combination reflect overall functional ability. 14 The pair-wise analysis also supported this conclusion. The factor labeled 'pain-specific interference' included pain-related disability and pain interference with daily activities, depressed mood and pain intensity. This result indicates that an individual who experiences severe pain is more likely to also experience higher levels of pain interference, depression and pain disability even after controlling for injury severity and other functional limitations. These results are also consistent with other studies in SCI where individuals experiencing pain reported higher levels of anxiety and depression than those without pain 15 and where more intense pain was significantly associated with greater degree of pain-related disability. 16 Recent research shows that levels of depression and anxiety experienced after SCI stay relatively unchanged even after 10 years following injury. 17 Therefore, the association between depressed mood and pain-specific variables suggests that the long-term emotional distress experienced by these individuals is significantly influenced by the presence of persistent, unremitting pain. Similarly, earlier research in SCI shows that pain interference is correlated with negative affect even after controlling for the interference with activities and life enjoyment after SCI. 18 Thus, persistent pain may reduce long-term life satisfaction over and above the impact of reduced control over one's life, affective distress and lower levels of general activities associated with SCI. 6 Outcome measures used in clinical pain trials need to be sensitive to change to reflect small changes in pain severity. In this study, people with severe pain reported significantly higher pain interference levels when compared with those with mild and moderate pain intensity levels. A non-linear relationship between pain intensity and functional interference has been described earlier 12 indicating that function is not impaired until the pain intensity reaches a threshold in the severe range. Therefore, the ability of the LI subscale to significantly distinguish between moderate and severe pain intensity is important as individuals with SCI report significantly less interference of pain with activities compared with other chronic pain populations. 19 This study further examines the psychometric properties of the LI subscale in the SCI population. Although the LI subscale appears to be a useful measure to evaluate painspecific interference after SCI, this measure does not directly assess the impact of pain on sleep and mood, which are considered important interference domains. 20 In this study there were significant associations between the LI subscale and questions in the PDI relating to sleep and other life support activities (that is, eating and breathing), which are not specifically assessed by the LI subscale. This finding suggests that pain-related interference in different areas are interrelated (that is, when pain is severe it interferes with most daily activities including sleep). However, future studies should determine which specific domains are most relevant to pain interference after SCI.
Methodological considerations
The instruments used in this study were administered via face-to-face interviews to optimize consistency in data collection because some people with SCI are physically unable to fill out a battery of questionnaires. Although some studies suggest that interviews concerning health issues provide more detailed data, others suggest face-to-face interviews may also introduce various kinds of bias such as gender-induced differential responses. To what extent the interview format has influenced the results of this study is difficult to estimate. Future research should examine differences in responses to the different formats.
Finally, all participants in this study were volunteers who agreed to take part in research studies at the Miami VAMC and Miami Project to Cure Paralysis. They may not be representative of all persons with SCI and may present a selection bias. In our sample, 85.7% of our participants were men, 53.0% had a neurologically complete injury and 46.5% had cervical injuries. These frequencies are not substantially different from the National Spinal Cord Injury Database (http://images.main.uab.edu/spinalcord/pdffiles/Facts08.pdf), in which 77.8% of the participants are men, 41.3% have a neurologically complete injury and 52.4% have cervical injuries.
